The murine major histocompatibility complex encodes H-2K and H-2D transplantation antigens and other class I-like proteins called Qa and Tla molecules; the functions of the Qa/Tla molecules are not known. That they may participate in embryonic cell-cell interactions and/or play a role in immune responses against tumors has been speculated. We have studied two murine embryonal carcinoma tumors, 402AX and PCC4, that are rejected in Wvio immunologically, although they do not express H-2K or H-2D antigens. Transplantation studies with these cells suggest that rejection is mediated by class-I-like major hstocompatibility complex antigens. As a first step in evaluating Qa/Tla function(s), we have characterized expression of class I-like genes and proteins in 402AX and PCC4 cells. Northern (RNA) blot hybridizations, polymerase chain reaction studies, and cDNA cloning experiments demonstrate that EC lines tranribe genes allelic to the
Transplantation studies with these cells suggest that rejection is mediated by class-I-like major hstocompatibility complex antigens. As a first step in evaluating Qa/Tla function(s), we have characterized expression of class I-like genes and proteins in 402AX and PCC4 cells. Northern (RNA) blot hybridizations, polymerase chain reaction studies, and cDNA cloning experiments demonstrate that EC lines tranribe genes allelic to the Tla region gene "37", Qa-2 region gene "Q7", and another, previously uncharacterized, class I-like gene. Immunoprecipitation studies show that the embryonal carcinoma tumor cells contain low levels of .82-microglobulin expressed in association with non-H-2K, non-H-2D class I-like proteins.
The murine major histocompatibility complex (MHC) encodes cell-surface glycoproteins involved in immunemediated recognition of foreign and self antigens. These molecules include the well-characterized and highly polymorphic class I transplantation antigens. The MHC also encodes the less polymorphic Qa and Tla class I antigens. Although these molecules are similar in structure to the class I antigens and associate with 832-microglobulin (132m), their function is unknown. Because the H-2, Qa, and Tla antigens are differentially expressed during early development (1, 2) , it has been hypothesized that they participate in embryonic cell-cell interactions. This hypothesis is supported by the observation that the gene encoding the Qa-2 antigen may determine the rate of cleavage of cells in the preimplantation embryo (3) . Another hypothesis states that Qa and/or Tla antigens may serve as restriction elements recognized by the subset ofT lymphocytes expressing the T-cell receptor 'y-and S-chain complex (4) (5) (6) . Other studies (7) (8) (9) (10) (11) (12) lead to the speculation that class I-like antigens may function in presentation of tumor antigens to T lymphocytes. This may be particularly valid for tumor antigens of embryonic origin that are not expressed during the T-cell tolerance induction stage but reoccur later in life on malignant cells. Nonpolymorphic Qa/Tla antigens could have, hypothetically, evolved to serve as their restriction elements.
We are using murine teratocarcinomas as a model system in which to study the function of Qa/Tla class I-like antigens.
These tumors include malignant, undifferentiated embryonal carcinoma (EC) stem cells that do not express serologically detectable H-2K and H-2D antigens. Transplantation and cellular immunity data suggest, however, that EC cells express other class I-like molecules that may function as restriction elements and/or transplantation antigens in antitumor immunity (7) (8) (9) . Because of their developmental pluripotency and ability to differentiate in vitro, EC cells may also be an experimental system in which to study the role of classical (H-2K and H-2D) and nonclassical (Qa and Tla) class I antigens in differentiation and development.
In the present studies we have characterized the expression of class I-like proteins and H-2 homologous transcripts in two different EC cell lines. We find that both EC cell lines express class I-like molecules and transcribe Qa and/or Tla genes. These results are discussed in the context of the differences between H-2K, H-2D, and Qa/Tla expression.
MATERIALS AND METHODS
Materials. Mice were purchased from The Jackson Laboratory. The 402AX cell line was maintained as described (13).
The PCC4 cell line was grown in minimal essential medium/ 10o calf serum/1% L-glutamine (GIBCO) under sparse culture conditions (< approximately 1 x 103 cells per ml) to maintain them in their undifferentiated state. Monoclonal antibodies (mAbs) were prepared as described (14) .
Immunoprecipitations. Cells were labeled with [35S]methionine, and immunoprecipitations were performed as described (15) .
cDNA Libraries. cDNA libraries were prepared as described (16) (17) (18) 24 by using as primers oligonucleotide TTGCCCACTTGCTTCAGCTGC-TGGTCAG from exon 1 and oligonucleotide CTTCTGAG-GCCAGTGAGAGGTCTG from exon 7 of the "37" gene. Amplification products were hybridized for 16 hr at 370C in 6x SSC/1% SDS/denatured salmon sperm DNA at 100 ,ug/ml/0.5% nonfat milk/10%o (wt/vol) dextran sulfate containing a "37" gene-specific transmembrane probe (CCTAT-GTGTCTCCTCC). The specificity of the probe was verified by hybridization with a panel of BALB/c class I genes. Membranes were washed in hybridization fluid without probe at 450C for 15 min, in 0.1 x SSC/1% SDS at room temperature for 15 min, and in 3.2 M tetramethylammonium chloride at 500C for 10 min.
RESULTS
EC Cells Express ,B2m-Associated Class I-Like Proteins. In the present study we have analyzed two independently isolated EC cell lines. The 402AX line was originally derived from a primary spontaneous testicular teratocarcinoma of a 129/Sv (H-2b, Tlk) mouse (25) and has been adapted to cell culture. This cell line does not express classical H-2K or H-2D antigens and does not differentiate in vitro, even in the presence of differentiating agents. Immune rejection of 402AX cells involves the induction of tumor antigens serologically detected by H-2K and H-2D antibodies (14) . In vitro studies suggest that other class I-like molecules also function in T-cell mediated recognition of 402AX cells (7) .
PCC4 is a culture-adapted cell line derived from the 129/Sv strain OTT6050 teratocarcinoma (26) . Under low-density culture conditions PCC4 does not differentiate and does not express H-2K or H-2D antigens. When cultured at higher densities or upon treatment with differentiation inducers, PCC4 differentiates morphologically and biochemically and expresses H-2K and H-2D antigens (27) . The PCC4 line has not been extensively studied in vivo, but growth of its sister clone PCC3, derived from the same parental tumor, has been analyzed (8) . Rejection of the PCC3 tumor occurs in the absence of serologically detectable H-2K and H-2D expression. Transplantation analyses suggest, however, that the rejected PCC3 cells express antigens, which at the T-cell epitope level, are closely related to H-2K and H-2D antigens.
To investigate whether EC cells express biochemically detectable class I-like molecules, we have carried out immunoprecipitations on whole-cell lysates. We reasoned that EC class I-like molecules may be encoded by Qa and/or Tla genes. Available antibodies, however, only detect the gene products of a very few of the -35 known Qa and Tla genes. Because most class-I antigens are noncovalently associated with the highly conserved p2m chain, we used a rabbit anti-mouse-,f2m antiserum to immunoprecipitate 402AX and PCC4 class I-like molecules. This strategy has been used previously to precipitate and identify the nonclassical Q4 gene product (28, 29) .
Two products are immunoprecipitated with the anti-/32m antiserum from 402AX and PCC4 extracts (Fig. 1, lanes -d) , 402AX (lanes e-h), and PCC4 (lanes i-l) cells were immunoprecipitated with a rabbit anti-mouse-p2m polyclonal antibody (fi2m; lanes a, e, and i), 20-8-4 mAb (anti-kb; lanes b, f, andj), 28-14-8 Northern analysis of EC transcripts was performed using as a probe pH2IIa EH, which is homologous to the conserved a3 coding region of an unidentified class I-like gene and hybridizes with all known BALB/c Qa and Tla genes as well as with H-2Kd and H-2Dd genes. PCC4 and 402AX cells express low but detectable levels of mature 41.7-kb class I mRNAs ( Fig. 2A) . Densitometry quantitations of the EC class I RNA bands and control actin RNA bands (see Fig. 2B Fig. 3 shows the sequencing strategy and aligns the four cDNA clones with the H-2 genes most homologous with them. All of the clones differ from classical H-2 genes and contain regions, which in classical H-2 transcripts, correspond to introns.
The 402AX and two of the PCC4 cDNA clones correspond to known Qa-or Tla-region genes. The PCC4 1.5-kb clone (Fig. 3A) is almost identical in the sequenced regions to the Qa-2 region gene, Q7 (21, 36 Comparison ofPCC4 3.0-kb clone to Kdgene (35) . PCC4 3.0-kb clone is 80-85% homologous to Kd within intron 3 and exons 5-8 and is -40%o homologous in the 3'-untranslated region. Solid arrows indicate sequencing runs. Broken arrows indicate beginning and ending of cDNA clones. al, a2, and a3 designations refer to the exons encoding the three external domains, TM is the transmembrane domain, and exons 6-8 encode cytoplasmic domains of MHC class I genes. located at position 4246 in the fourth intron. PCC4 1.5-kb differs from C57BL/10 Q7 sequence by -two nucleotides located at positions 3923 and 4085. These substitutions presumably correspond to allelic differences between 129/Sv, C57BL/10, and BALB/c genomes. The PCC4 2.5-kb clone and the 402AX 2.4-kb clone are almost identical to each other and are 98-100o homologous to the BALB/c Tla region "37" gene ( ref. 34; Fig. 3B ). The only differences between the "37" gene from a DBA/2 library and the EC clones are located in the 5' untranslated region just upstream from the ATG codon of exon 1 (Fig. 4A) . The 402AX 2.4-kb and the PCC4 2.5-kb clones differ from each other only in their length at the 3' end, where the PCC4 2.5-kb cDNA is four bases longer than the 402AX 2.4-kb clone (Fig. 3B) . The PCC4 3.0-kb cDNA clone does not correspond to any known sequenced class I gene, although it is highly homologous to H-2 genes, particularly in the a3 and TM regions where it is 80-90o homologous to several Qa-and Tla-region genes ( Fig. 3C and 4B) .
Because cDNA clones from EC cells contained introns, we used the PCR technique to determine whether EC cells express fully spliced species of the class I transcripts. Oligonucleotides corresponding to the 5' and 3' ends ofthe "37" gene were used as primers for the PCR. The presence of the RNA species was monitored by Southern hybridization of PCR bands. Hybridization ofthe amplified PCC4 cDNA with the radiolabeled "37"-specific oligonucleotide shows two bands (Fig. 5) . One band corresponds in size to the partially spliced PCC4 2.5-kb cDNA and the second band to the fully processed "37" transcript.
Thus, PCC4 cells transcribe both spliced and unspliced "37" mRNAs, whereas spleen RNA shows expression of fully processed "37" transcripts only. DISCUSSION EC cells have been used experimentally as a model system for cellular differentiation, preimplantation development (37) , and tumorigenesis (38) . Because of the critical role of MHC class I antigens in lymphoid cell recognition and their potential role in cell-cell interactions during embryogenesis, it is important to determine whether class I molecules are expressed in EC cells. We have studied the expression of class I molecules and transcripts in two independently derived EC cell lines. Immunoprecipitation studies and analyses of cDNA libraries demonstrate that 402AX and PCC4 cells express low levels of nonclassical MHC products. Based on DNA sequence analysis, both cell lines transcribe the Tla region "37" gene, which has been proposed to encode an -45-kDa nonpolymorphic cell-surface molecule (10, 39) . The "37" gene is transcribed in a wide variety of cell types and tissues, including H-2K-, H-2D-brain (10) and 12-to FIG. 5 . PCR on cDNAs synthesized from C57BL/6 spleen and PCC4 RNAs. The predicted size of the PCR band for fully spliced "37" mRNA is -1050 bases and for the unspliced band is -2500 bases. The arrows point to PCR bands corresponding to the presumed fully spliced and unspliced "37" transcripts. A 1-kb A ladder was used as a size marker.
18-day fetal liver (34 All of the isolated EC class I cDNAs correspond to nonclassical class I products. This finding is consistent with previous reports showing very low levels or lack of H-2K or H-2D transcription in EC cells (30, 31) and in early embryos (41) . Our results suggest that Qa/Tla gene transcription is regulated in EC cells independently of H-2K and H-2D expression. In contrast to the classical H-2 antigens, nucleotide sequences of the regions involved in the transcription initation of the Q7 and "37" genes lack conventional TATA boxes. All clones identified in the 402AX and PCC4 libraries carry some intron sequences. In other studies (42) , simian virus 40-infected EC cells were noted to contain nonspliced early RNA transcripts. Therefore, it has been proposed that EC cells regulate expression of certain genes by a posttranscriptional mechanism that involves "turning off" of the specific mRNA-splicing events (42 spliced class I cDNAs is probably the result of the size selection and/or self-priming second-strand synthesis process used in preparation of the cDNAs. Independent of these considerations, the data are unambiguous in showing transcription of Qa and Tla genes in EC cells.
Immunoprecipitation studies demonstrate that 402AX and PCC4 cells express low levels of class I-like molecules associated with 32m. The frequency of class I transcripts in 402AX and PCC4 RNA and in the cDNA libraries correlates with low-level expression of these class I proteins. It is unclear whether the class I proteins seen in EC cells are direct products of the Qa and/or Tla genes identified by cDNA cloning. More sensitive techniques may be necessary to identify all transcriptionally active class I genes in PCC4 and 402AX cells and to detect their protein products.
It has recently been hypothesized that T cells expressing the T-cell antigen receptor y and 8 chains recognize nonclassical MHC class I antigens (4) (5) (6) . This hypothesis suggests that the Qa and/or Tla gene products identified in this study may serve as the target structure(s) for T-cell recognition of the 402AX and/or PCC4 cells. Additi6nal studies are necessary to determine whether "37", Q7, or other class I molecules are present in sufficient quantity on the cell surface of EC cells and whether these class I genes encode antigens involved in T-cell-mediated antitumor immunity.
